I nfant sleep problems are among the most prevalent problems presented to pediatricians and other child-care professionals. [1] [2] [3] The consolidation of sleep during the night, which is referred to as "sleeping through the night," is a rapid maturational process during the first year of life. 4, 5 However, surveys show that as many as 20% to 30% of all infants and toddlers do not succeed in achieving this goal and their sleep continues to be fragmented, as manifested by multiple and/or prolonged night wakings, which are considered to be the most prevalent sleep problems during early childhood. [6] [7] [8] [9] If not treated, these night-waking problems are persistent and can last well into adulthood. [10] [11] [12] Night waking and related sleep problems have been associated with difficult temperaments and behavior problems among children [12] [13] [14] [15] [16] [17] and with poorer neurobehavioral functioning among older children. 17 Parental stress and psychopathologic conditions have also been linked to sleep problems in early childhood. [18] [19] [20] [21] [22] Numerous studies have shown that infant sleep problems are treatable, with high success rates. 2, [23] [24] [25] [26] Early intervention and prevention programs have also demonstrated impressive efficacy. 27, 28 The high prevalence of sleep problems, their negative implications for infants and their parents, and the high success rates of clinical and educational interventions emphasize the need for early screening tools that could be used by parents and/or professionals to assess sleep problems in the first 3 years of life.
A recent survey reported that a high proportion of pediatricians do not regularly screen infants and toddlers for sleep problems. 3 In addition, only 46% of the pediatricians surveyed felt confident of their ability to screen for sleep problems. An earlier study also emphasized insufficient teaching regarding pediatric sleep issues in medical schools. 1 The authors of both studies concluded that more education in pediatric sleep medicine is needed. Furthermore, a recent study demonstrated that sleep problems are rarely addressed in general pediatric clinics before their identification by parental responses on a validated sleep questionnaire. 29 Therefore, it is conceivable that the availability of brief validated screening instruments would facilitate regular screening by professionals. A screening instrument that would also be available to parents who have concerns about their child's sleep could promote early detection of and intervention for sleep problems.
It is surprising that the use of a standardized, brief, valid infant sleep questionnaire has never been established. Many studies have used various infant sleep questionnaires for different purposes. 6, 8, 9, 12, [30] [31] [32] [33] [34] [35] [36] However, none of those instruments has become a standardized clinical or research tool. The aims of the present study were 1) to develop a brief standardized questionnaire for screening for infant and toddler sleep problems, 2) to validate the questionnaire by comparing clinical and nonclinical samples, 3) to validate the derived sleep measures by correlating them with daily sleep logs and objective actigraphic sleep measures, and 4) to examine the possibility of using the questionnaire as an Internet resource for parents.
Two studies were conducted with the brief infant sleep questionnaire (BISQ). The first study was based on clinical and nonclinical control samples. The second study was based on a sample of parents who completed the BISQ via the Internet.
METHODS

Study I
Aims
The aims of this specific study were 1) to examine the test-retest reliability of the BISQ measures, 2) to compare the BISQ measures with other subjective and objective measures of sleep, and 3) to evaluate the use of the BISQ for diagnostic purposes (its accuracy in discriminating between clinical and control samples).
Participants
One hundred infants and their parents participated in this study. The clinical sample consisted of 43 infants and toddlers (26 boys and 17 girls) whose parents sought professional help (selfreferrals and professional referrals) for sleep problems at a children's sleep laboratory. The children's ages ranged from 6 to 29 months (mean age: 12.30 months, SD: 5.51 months). The control sample consisted of 57 children (30 boys and 27 girls) with no reported sleep problems, whose parents volunteered to participate in the study. The parents of the control group were recruited by direct contacts with parents working in large, high-technology companies to match for the relatively high socioeconomic status of the clinical group. The ages of the children in the control group ranged from 5 to 26 months (mean age: 14.44 months, SD: 6.26 months). Although age differences between the groups were not significant, age was used as a covariate or adjusted for in all statistical analyses. For the entire sample, the median age was 12.61 months, the first quartile was 9.88 months, and the third quartile was 19.66 months.
The parents of each child in both samples completed the BISQ and an additional questionnaire covering family background information. The BISQ was completed by 1 of the parents during the initial contact (intake or the first meeting with control parents). In addition, the parents were given actigraphs and daily sleep logs and were instructed to attach the actigraph to the child's left leg for 5 to 7 consecutive nights. For a test-retest reliability evaluation, 26 parents completed the BISQ twice, with a 3-week interval between administrations.
Measures
The BISQ
The BISQ was developed on the basis of a review of the infant sleep literature in search of meaningful variables, particularly clinical studies based on the use of subjective and objective infant sleep measures. 25, 37, 38 The questionnaire variables (see "Appendix") included 1) nocturnal sleep duration (between the hours of 7 pm and 7 am); 2) daytime sleep duration (between the hours of 7 am and 7 pm); 3) number of night wakings; 4) duration of wakefulness during the night hours (10 pm to 6 am); 5) nocturnal sleep-onset time (the clock time at which the child falls asleep for the night); 6) settling time (latency to falling asleep for the night); 7) method of falling asleep; 8) location of sleep; 9) preferred body position; 10) age of child; 11) gender of child; 12) birth order; and 13) role of responder (who completed the BISQ). Completion of the BISQ requires 5 to 10 minutes. The parents were instructed to refer to their child's sleep during the past week. Full completion of the BISQ was a criterion for inclusion in the study.
Actigraphy
The actigraph (AMA-32; Ambulatory Monitoring, Ardsley, NY) is a miniature, wristwatch-like device that monitors activity levels for extended continuous periods. Previous work has demonstrated the validity of actigraphy in monitoring sleep-wake patterns among infants, children, and adults. 25, [38] [39] [40] [41] [42] The clinical use of actigraphy to assess infant sleep disruptions and to document the efficacy of clinical interventions has also been demonstrated. 25, 37, 38 Furthermore, normative developmental data have been collected, and developmental changes in sleep patterns have been established. 38, [43] [44] [45] [46] Actigraphic measures were averaged across the 5 to 7 days of monitoring. Actigraphic sleep measures included 1) sleep-onset time, 2) sleep period (from sleep-onset time to morning awakening time), 3) true sleep time (sleep time excluding all periods of wakefulness), 4) sleep percentage (percentage of true sleep time in the total sleep period), and 5) number of night wakings that lasted Ն5 minutes. Actigraphic information for 2 infants in the control group was not available because the parents were concerned that attaching the actigraph to the infant during the night might disrupt their infant's sleep.
Daily Sleep Logs
Daily sleep logs have been developed and used in clinical research on pediatric sleep problems. 25, 37 The parents were requested to complete the daily logs each day and night, and the measures were averaged across the monitoring period. The derived measures included 1) reported sleep onset, 2) reported sleep duration, and 3) reported number of night wakings. The parents of 1 infant in each group failed to complete the daily log information.
Study II
Aims
The aims of this specific study were 1) to test the feasibility of using the BISQ on the Internet as a method of obtaining data from parents and providing them with feedback, 2) to compare reported sleep measures for infants whose parents consider their sleep to be a serious problem with sleep measures for infants considered nonproblem sleepers, and 3) to compare the sleep measures and the roles of related factors (sleeping location and soothing techniques) obtained from an Internet study with the well-established findings in the literature.
Participants and Procedures
An electronic version of the BISQ was posted on a web site dedicated to sleep among infants and young children (0 -3 years of age). Parents could complete the BISQ and receive automatic feedback at the e-mail address they provided. The parents were informed that the data they provided would not serve any purpose other than scientific research. The e-mail addresses for the completed questionnaires were analyzed to detect duplicates (ie, parents who completed the questionnaire twice because of technical errors or because they were testing the feedback system). All duplicate files were eliminated from the database. The resulting Internet sample consisted of 1028 parents who completed the BISQ for their infants and toddlers within the age range of 0 to 30 months (613 boys and 415 girls). For additional analyses, the children were divided into 3 age groups, ie, 0 to 6 months (N ϭ 281), 7 to 12 months (N ϭ 438), and 13 to 30 months (N ϭ 309). The parents of 34.28% of the infants considered their sleep to be a very serious problem, the parents of 59.63% of the infants considered their sleep to be a "small problem," and the sleep of only 7.07% of the infants was considered not to be a problem at all. These results suggest that the Internet sample is skewed toward a higher prevalence of sleep problems or that parents who consider their infant's sleep to be a problem are more likely to search for and visit web sites addressing infant sleep.
RESULTS
Study I
Types of Analyses
Data analysis for study I consisted of 3 components, ie, 1) assessment of test-retest reliability of BISQ measures, 2) evaluation of the correspondence between BISQ measures and sleep measures derived from actigraphic data and daily logs, and 3) assessment of differences between clinical and control samples in BISQ measures and the ability of the instrument to distinguish between these groups. The basic distribution of BISQ measures in the total sample is presented in Table 1 .
Test-Retest Reliability
Pearson correlations were calculated for the sleep measures obtained from repeated administrations of the BISQ. Strong correlations were found between the repeated sleep measures for nocturnal sleep duration (r ϭ .82), daytime sleep duration (r ϭ .89), number of night wakings (r ϭ .88), duration of nocturnal wakefulness (r ϭ .95), nocturnal sleep-onset time (r ϭ .95), and settling time (r ϭ .94). All correlations were significant at P Ͻ .0001.
Correspondences Among BISQ, Actigraphic, and Daily Log Sleep Measures
Correlations between corresponding or related sleep measures derived from the BISQ, the actigraphic data, and the daily sleep logs were calculated and are presented in Table 2 . Significant correlations were obtained between the BISQ and actigraphic sleep measures related to sleep-onset time and the number of night wakings. Significant correlations were obtained between the BISQ and daily log sleep measures, demonstrating a high degree of correspondence between measures derived from the economical BISQ and those derived from the more demanding daily logs. Stronger correlations were found between daily log and actigraphic measures with respect to sleep-onset time, nocturnal sleep duration, and number of night wakings.
To test whether there were systematic differences between the means of the derived measures, the means of corresponding measures were compared by using 1-way analysis of variance for a withinsubject repeated-measure design (Table 3 ). The results of the analysis of variance reflected systematic differences between the measures derived from the BISQ, the daily logs, and actigraphy. Sleep-onset times derived from the BISQ were significantly earlier than those derived with the other methods. The nocturnal sleep duration derived from the BISQ was similar to the actigraphic measure, and both were significantly shorter than the estimate derived from the daily logs. Parents reported significantly more night wakings on the BISQ than on the daily logs. However, the actigraph detected more night wakings than reported with either instrument.
Correlations Between BISQ Measures and Age
To assess the age-related changes in BISQ measures, separate Pearson correlations were calculated for the clinical and control groups. In the clinical group, age was correlated significantly only with a decrease in daytime sleep (r ϭ .37; P Ͻ .05). In the control group, age was associated significantly only with a reduction in the number of night wakings (r ϭ .38; P Ͻ .05).
Comparison of BISQ Measures Between the Clinical and Control Samples
BISQ measures for the clinical and control samples were compared by using 2-way analysis of variance with group (clinical/control) as the main independent variable (Table 4) . Gender was included as a second independent variable in the analysis to control for related effects, and age was included as a covariate to control for age-related effects.
The results demonstrated group differences in 3 sleep measures. Reportedly, in comparison with control children, sleep-disturbed infants slept less during the night (8.91 vs 9.67 hours), woke up more often (4.98 vs 1.83 times), and spent more time in wakefulness during the night (1.05 vs 0.34 hours).
To assess the measures that discriminated between the clinical and control infants with a multivariate approach, we used discriminant analysis with group as the classifying variable and the BISQ measures as predictors. The results indicated that 2 BISQ measures had significant independent contributions in differentiating between the clinical and control infants. These measures were the number of night wakings (F ϭ 50.33; P Ͻ .0001) and nocturnal sleep duration (F ϭ 10.16; P Ͻ .005). These measures accounted for 45.27% of the variance between the groups. The rate of correct assignment to the clinical 
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INFANT SLEEP QUESTIONNAIRE versus nonclinical group, on the basis of these measures, was 85%. For comparison, similar discriminant analyses were conducted for the actigraphic and daily log measures. Only 1 actigraphic measure had a unique contribution in discriminating between the clinical and nonclinical groups. This measure was the number of night wakings (F ϭ 6.29; P Ͻ .05). This variable explained 6.15% of the variance, and the correct classification rate was only 65%. When the analysis was performed with the daily log sleep measures, only the average number of reported night wakings had a unique discriminative contribution (F ϭ 52.65; P Ͻ .0001). This variable explained 37.70% of the variance, and the correct classification rate was 81%.
For practical purposes, a simple cutoff-score approach was tested. The criteria used to define poor sleepers on the basis of the BISQ measures were as follows: 1) the child wakes Ͼ3 times per night; 2) nocturnal wakefulness is Ͼ1 hour; or 3) the total sleep time is Ͻ9 hours. These criteria were chosen on the basis of the discriminant analysis, the group means, and SD to maximize the differences. By using these criteria, 80% of the children were correctly classified in the clinical or control samples.
Study II
Types of Analyses
Data analysis for study II included the following components: 1) assessment of age-and gender-related differences, 2) comparison of BISQ measures according to ratings of the severity of the infant sleep problem, and 3) examination of the role of sleeprelated ecology. It is important to emphasize that, with such a large sample, statistically significant results do not equate with clinical significance.
Age-and Gender-Related Differences in BISQ Sleep Measures
The age-related differences in sleep measures are summarized in Table 5 . The distributions of 4 sleep measures across age groups are illustrated in Fig 1. Nocturnal sleep duration increased significantly from the first to the second 6 months of life and remained quite constant during the next 18 months of life (r ϭ .11; P Ͻ .0005). Daytime sleep duration and total sleep duration decreased significantly with age (r ϭ Ϫ.39 and P Ͻ .0001 and r ϭ Ϫ.18 and P Ͻ .0001, respectively). Interestingly, for some of the measures (ie, sleep-onset time, settling time, number of night wakings, and nocturnal wakefulness), the age-related trends were nonlinear and the trend from the second half of the first year to the subsequent 18 months was reversed from the trend from the first half to the second half of the first year.
Reported Infant Sleep Measures According to the Rated Severity of the Sleep Problem
Significant differences in most sleep measures were found between the groups according to the parental ratings of problem severity (Table 6 ). In comparison with infants with no sleep problem (N ϭ 72) and infants with a small problem (N ϭ 607), infants with severe sleep problems (N ϭ 349) were reported as having 1) shorter sleep duration during the night and during the daytime hours, 2) later sleep-onset time at night, 3) longer settling time, 4) greater number of night wakings, and 5) more time spent in wakefulness during the night.
A multivariate approach was adopted to elucidate the unique contribution of each sleep variable to the parental characterization of a severe sleep problem. A stepwise discriminant analysis was used, with sleep problem status (severe problem versus nonsevere problem/no problem) as the classifying variable and the reported sleep measures as the discriminant measures. The first discriminant measure included was total sleep duration, which explained 9.64% of the variance (F ϭ 96.42; P Ͻ .0001). The second variable with a unique discriminant contribution was the number of night wakings, which explained 5.55% of the variance (F ϭ 53.09; P Ͻ .0001). The third variable was nocturnal wakefulness, which ex- http://www.pediatrics.org/cgi/content/full/113/6/e570 e573 plained 1.32% of the variance (F ϭ 12.02; P Ͻ .001).
The last variable with a unique contribution was sleep latency, which explained 0.75% of the variance (F ϭ 6.82; P Ͻ .01). When discriminant analysis was performed with these 4 measures as the discriminant variables, the correct assignment rate (severe sleep problem versus others) was 70% (34.7% of the infants with severe sleep problems and 28.4% of the infants from the other groups were misclassified).
Effects of Sleep Ecology
Most of the infants (57.67%) were reportedly sleeping in a separate crib in a separate room, whereas 16.73% were reported to be sleeping in their parents' bed. An additional 18.11% of the infants slept in a crib in the parents' room. Almost one-third of the children (32.28%) were soothed to sleep while being fed. The second most common method of falling asleep was alone in the crib (21.85% of the infants), followed by falling asleep while being held (18.70%) and being rocked (14.27%). Falling asleep in the crib with parental presence was reported for 12.89% of the infants. Figure 2 presents the prevalence of specific soothing methods at different ages.
To evaluate the relationships between sleep ecology and reported infant sleep patterns, we used general linear model analysis 47 to assess the roles of sleep location and soothing method, in addition to gender, birth order, and child's age, as predictors of the BISQ sleep measures. The method of falling asleep was a significant predictor of sleep duration (for nocturnal sleep: F ϭ 8.50, P Ͻ .0001; for daytime sleep: F ϭ 6.51, P Ͻ .0001; for total sleep time: F ϭ 4.14, P Ͻ .005). Children who fell asleep in their cribs alone slept more during the night and had longer total sleep times, whereas children who fell asleep while they were being held spent more time in daytime sleep, in comparison with infants who fell asleep in their cribs alone. In addition, parents of infants who fell asleep in their cribs alone reported Scheffe's posthoc analyses for each BISQ measure: 1, A Ͻ E; 2, A Ͼ B ϭ C Ͼ D ϭ E; 3, A Ͼ B Ͼ D ϭ E; 4, A Ͻ B; 5, A Ͼ B; 6, A Ͻ B ϭ C Ͼ E; 7, A Ͼ E. NS, not significant. * P Ͻ .005. † P Ͻ .0001. ‡ P Ͻ .01.
e574
INFANT SLEEP QUESTIONNAIRE fewer night wakings (F ϭ 4.46; P Ͻ .005), shorter periods of wakefulness during the night (F ϭ 6.91; P Ͻ .0001), and shorter settling times (F ϭ 28.98; P Ͻ .0001).
Sleep location also played a significant role in predicting sleep patterns. Parents of children who slept in a crib in a separate room reported fewer night wakings (F ϭ 8.14; P Ͻ .0001) and shorter settling times (F ϭ 8.37; P Ͻ .0001).
DISCUSSION
The results of these 2 studies demonstrated the reliability, clinical validity, and applicability of the BISQ for screening sleep problems among infants and young children. Study I demonstrated the testretest reliability of the BISQ measures and the validity of the BISQ in comparison with other objective and subjective sleep measures. Study II demonstrated the feasibility of having parents complete the questionnaire via the Internet and provided valuable sleep data for a large sample of children.
In study I, the correlations between the corresponding BISQ and actigraphic sleep measures were relatively low. This finding is not surprising, because it has often been demonstrated that parental knowledge is considerably different from objective measures of infant sleep. 5, 25, 37, 38 It is also expected that daily sleep logs would exhibit better correspondence with actigraphic measures, because both types of measures are based on specific daily comparisons, whereas the BISQ addresses more global perceptions of the parents. However, examination of the group means suggests that 2 of 3 BISQ sleep measures (nocturnal sleep duration and number of night wakings) were closer to the actigraphic sleep measures than were the daily logs. Furthermore, in assessing the differences between the clinical and control groups, the BISQ takes precedence and its measures are superior in discriminating between the groups (85% correct classifications vs 81% using daily log measures and only 65% using actigraphic measures). These results lead to the conclusion that the number of night wakings monitored by the parents (when the infant signals) is a better discriminating measure for referral than is the objective number of night wakings. A derivative of this conclusion is the idea that perhaps the major difference between infants in the clinical and control groups lies in the inability of the former to self-soothe and fall back to sleep without parental help. 5, 25, 38, 48, 49 The results of study I also suggest clinical guidelines for considering referrals. It seems that if a child reportedly wakes up Ͼ3 times per night, spends Ͼ1 hour in wakefulness during the night, or spends Ͻ9 hours in sleep (day and night), then a clinical referral should be considered. These criteria seem to be stable between 6 and 30 months of age.
Before the findings of study II are addressed in more detail, the limitations of this Internet study should be highlighted. The lack of demographic and additional background data for the Internet sample limits our capacity to interpret the findings and to assess the extent to which they represent normative data. This sample might have been skewed toward a higher prevalence of sleep problems, in comparison with the typical rates of 20% to 30% reported in published surveys. 6, 7, 12, 50 However, the developmental trends demonstrated in study II are consistent with well-established maturational processes. 6, 34, 49, [51] [52] [53] During the first 30 months of life, sleep duration decreases mostly during the daytime hours. Nocturnal sleep-onset time approaches earlier hours during the first year of life. Sleep latency is shorter during the second half of the first year. There is an increase in the number of night wakings toward the end of the first year. 54 The nocturnal time spent in wakefulness decreases during the first year of life. The results obtained using the BISQ with the Internet sample are very similar to those obtained in very recent studies using objective measures 49 and subjective reports. 53 The comparison of sleep measures for the groups according to the rated severity of the sleep problem indicated that more severe sleep problems were associated with shorter sleep, more night wakings, longer nocturnal wakefulness, and longer settling times. These findings are consistent with those obtained in the comparison between the clinical and control samples in study I.
The findings associating sleep ecology with reported sleep patterns correspond to the existing literature findings. Soothing techniques and the location of sleep seem to play important roles in infant sleep. Infants who fall asleep alone in the crib and sleep in a crib in a separate room are more likely to sleep through the night, with fewer night wakings. 9, 55, 56 It is also possible that parents of such infants are less likely to notice when their infant wakes up, because of the distance and visual separation.
Overall, the results of these studies provide extensive information on the reliability and validity of the BISQ, establishing it as a reliable valid tool for assessing and screening for infant sleep problems. The BISQ seems to be the first brief infant sleep questionnaire that has been supported by all of the following factors: 1) objective and subjective data, 2) assessment of test-retest reliability, 3) comparison between clinical and control samples, and 4) a large community sample with findings that correspond to the existing literature results. Additional surveys of clinical and normal samples in different cultures would provide culturally sensitive normative data.
